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Introduction
Atherosclerotic stenosis of the internal carotid artery (ICA) is known as a major risk factor for disabling stroke and death. ICA stenosis accounts for 15%-20% of ischemic strokes, moreover, 14% and 23% of the patients with a transient ischemic attack (TIA) or stroke attributable to a high-grade intracranial stenosis had a further ipsilateral ischemic stroke over the next year, despite medical therapy. 1, 2 Carotid artery stenosis can be successfully treated by carotid endarterectomy (CEA), which significantly reduces the risk of stroke both in symptomatic and asymptomatic patients, as compared with medical therapy alone. 3, 4 Alternatively, carotid artery stent placement (CAS) is increasingly used thanks to the development of safe and effective protection systems that help reduce the periprocedural neurologic complications. 5, 6 The autonomic nervous system (ANS) plays a central role in regulating cardiovascular function, and cardiovascular ANS dysfunction is related with significantly increased cardiovascular mortality. [7] [8] [9] Heart rate recovery (HRR) is an important measure of ANS dysfunction and is directly correlated to parasympathetic activity. 10 Impaired HRR during the first minute following exercise was shown to be a prognostic index and independently predicts cardiovascular and all-cause mortality rates. 11 The value for the HRR index was defined as the reduction in the heart rate from the rate at peak exercise to the rate first, second, third and fifth minute after the discontinuation of the exercise stress test.
Autonomic dysfunction could contribute to serious arrhythmias in a patient with ICA with atherosclerotic stenosis. 12 The impairment of HRR provides useful clinical information about evaluation of patients with CAS for higher risk of serious arrhythmias. Patients with CAS have been reported to have ANS dysfunction. 13, 14 This study aimed to evaluate HRR indices and exercise test parameters after CAS.
Materials and methods

Study population
In the period of January 2016 to May 2017, 21 consecutive patients with ICA stenosis due to atherosclerosis that are eligible for CAS were included in our study. ICA stenosis was associated with diameter reduction, more than 70% in symptomatic patients and 80% in asymptomatic patients, measured per North American Symptomatic Carotid Endarteroctomy Trial Collaborators (NASCET) criteria. 15 Patients with cardiac arrhythmias, pacemakers, implantable cardioverter defibrillators (ICDs), history of coronary artery disease, hypertension, diabetes mellitus, or valvular heart disease and treated with medications that may interfere with autonomic activity such as beta blockers were excluded. Written informed consent was obtained from each patient.
All patients received 300 mg of acetylsalicylic acid and 75 mg of clopidogrel daily for at least three days before the procedure. CAS was performed through a femoral approach; self-expanding carotid stent equipped with an embolic protection device, SpiderFX TM Embolic Protection Device (Medtronic, USA). Balloon postdilation was routinely performed once with a 5.0-6.0 mm diameter balloon. All patients received an intravenous dose of 0.5 or 1 mg atropine at the time of balloon dilation. After CAS, patients' vital and neurologic signs were monitored for a minimum of 24 hours.
In all participants, we performed baseline 12-lead electrocardiography (ECG) at 25 mm/sec (paper speed), and transthoracic echocardiography was performed for each patient. All measurements were performed using a commercially available machine (Vivid E9 Õ GE Medical System, Horten, Norway) with a 3.5-MHz transducer.
Exercise testing
All study patients underwent exercise treadmill testing using Bruce protocol before and three months after procedure. Predicted peak heart rate was calculated as (220 À age) and the aim was to reach at least 85% of the age-predicted heart rates. The end of exercise was flagged, and at least five minutes of post-exercise heart rate recorded with the participant at rest. Qualified exercise physiologists and/or cardiology fellows prospectively collected physiologic and hemodynamic data during testing, including symptoms, heart rate, heart rhythm, blood pressure, and estimated functional capacity in metabolic equivalents (METs; where 1 MET ¼ 3.5 ml/kg per minute of oxygen consumption). HRR indices were defined as the reduction in heart rate from the rate at peak exercise to the rate first, second, third and fifth minute after cessation of the exercise stress test; these results were indicated as HRR 1 , HRR 2 , HRR 3 and HRR 5 , respectively
Statistical analysis
Continuous variables were given as mean AE SD; categorical variables were defined as percentage. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS, Chicago, IL, USA), version 22.0 software for Windows. Friedman and Wilcoxon tests were used for the comparison of variables. P values < 0.05 were regarded as significant.
Results
Age, gender, and body mass index and biochemical measurements: fasting blood glucose, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol and triglyceride levels were recorded. The demographic characteristics and clinical features of the patient are given in Table 1 . All CAS interventions were performed successfully without any adverse neurological events. Men/women ratio was 10/11. The mean age was 67.9 AE 7.6 years. All patients had unilateral stenosis. The baseline echocardiographic values among patients are summarized in Table 2 . Comparisons of the maximal heart rate, maximal systolic and diastolic blood pressure, exercise duration and METs attained during the exercise stress test values among patients before and three months after procedure are also summarized in Table 2 .
The exercise time, maximal heart rate, maximal systolic and diastolic blood pressure and maximal MET values were significantly decreased after the procedure ( Table 2) . P values were significant both for pre-vs post-measurements (p value < 0.05). According to these results, the first-and second-minute HRR indices of patients before procedure were significantly lower than after procedure ( 
Discussion
In this study, we have demonstrated that HRR indices increased in the first, second, third and fifth minutes of the recovery period after maximal exercise testing in patients after the CAS procedure, which may be a reflection of parasympathetic dominance after CAS. We also observed that effort capacity was significantly lower in patients after the CAS procedure. To our knowledge, this is the first study that shows changed HRR indices among these patients.
The carotid sinus baroreceptors are the most important regulatory mechanism in control of systolic and diastolic blood pressure and heart rate. Changes in baroreceptor activity may lead to hemodynamic fluctuations, as observed after CAS. 16, 17 The baroreceptors are stretch receptors that are induced by distention of the arterial wall due to changes in blood pressure. The carotid sinus baroreceptors, which are innervated by the carotid sinus nerve, accommodate continuous information to the central nervous system about the changes in blood pressure. Activation of the central nervous system leads to an increase of the discharge of vagal cardioinhibitory neurons and a decrease in the discharge of sympathetic neurons both to the heart and blood vessels. This results in bradycardia, decreased cardiac contractility and decreased peripheral vascular resistance. 18 CAS may have differential effects on the sympathovagal balance of the heart. Although a change in cardiac autonomic balance toward the sympathetic side occurs after carotid artery endarterectomy, parasympathetic dominance is seen after CAS. The changes in cardiac autonomic functions after CAS may be related to the changes in baroreceptor functions. The incision of the carotid artery bulb during carotid artery endarterectomy can denervate baroreceptors, leading to a relative increase of sympathetic tone. Although the compressed atheromatous plaque into the arterial wall increases tension over the baroreceptors, CAS placement causes a continuous mechanical distension over the bulbus. Both situations may cause inhibition of the sympathetic fibers and stimulation of the parasympathetic pathway. 19 Previous studies showed that HRR is a marker of autonomic system function and is directly associated with parasympathetic nervous system activity. 20, 21 Savin et al. interpreted that an increment in vagal activation as well as a decrement in sympathetic activation have been detected already during the first minutes of recovery soon after exercise cessation. 22 Imai et al. showed that short-and mid-term HRR indices (30 seconds to 2 minutes) are mediated primarily by vagal reactivation. 20 These data showed that effects of the parasympathetic system continued during high-intensity exercise and an intensive parasympathetic system effect on heart rate was noted by a minute, increase during four minutes, and then stay stable until 10 minutes into the recovery period. In the literature, HRR has been studied in various diseases such as heart failure, coronary artery disease, diabetes mellitus and metabolic syndrome. [23] [24] [25] Mangin et al. report the reduction in heart rate was due to immediate influence on cardiac autonomic control after CAS procedure. 16 In present study, we excluded individuals with coronary artery disease, diabetes mellitus, prior cardiovascular event presence and current smoking to avoid the effects of these variables on HRR index. According to these results, parasympathetic dominance occurred after CAS procedure.
Limitations
The major limitations of the present study are a singlecenter experience and may be represented by the small number due to the necessity of excluding patients with hypertension, diabetes mellitus, severe coronary artery disease or valvular heart disease, and patients on medications interfering with autonomic functions. The other limitation is that due to not having a control group, a comparison between HRR parameters could not be conducted. Finally, these conclusions may not extend to the general population; therefore, the results of this study need confirmation in larger studies with control groups.
Conclusion
Changes in HRR index parameters may reveal parasympathetic dominance after CAS procedure. Further studies in larger populations are needed to confirm these findings.
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